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PESSSUR1 DISTRIBUTIONS OH A» ABMA  JUPITER NOSE CONE 
(13.3  DEGREES SEMI-VERTE.   ANGLE) AT NOMINAL 

MACH NUMBERS 5,   6,  7.   AND 8 

Prepared by: 

E.   J.  Rednaa and L.   Pasiuk 

k ^CT'^ Pressure distributions were obtained on an 
IMA JUPITER nose eon« (13.3 degrees seal-vertex angle) 

-* -g—j-^i Masfe susters of 5, f^ 7* «a^ • i» the MOL 
H x 12*cm  äyosrsonic Tunnel Mo. 4. These distributions 
were asacursd'ai^f model  aeridlan» that sere spaced 45 
degress apart, and were taken for yaw angles ranging 
from 0 to 7.5 dsgr««^ ^^  tabulatsd data are given 
and plots are presented to show the chief characteristics 
of the data. A li«it«d aabuat of pressure data froa 
tests of a sphere «odel is included for coaparison.^ 
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The hypersonic pressure distributions presented In this 
report ere naong the first to be obtained at HOL on blunt- 
body shapes. This Investigation of an Aray Ballistic 
Missile Agency (ABMA) JUPITBR nose cone was sponsorad 
by the U. S. Arsy and «as perfcreed under Task Vuaber 
woL-äOO. Results presented herein are Intended to fa- 
cilitate heat-transfer ebaputatlon. 

This document nay Include technical data and other In- 
foraatlon which aay be proprietary to parties other than 
the Governaent and, therefore, the transalsslon by the 
Departaent of the Navy of this docuaent is not to be 
regarded, by laplicatlon or otherwiseP as licensing or 
conveying any rights or peralssloa to the recipient or 
any other person or cooperation gaining access to this 
docuaent to use for coaaercia purposes, as distinguished 
froa Governaent purposes, the said technical data or 
Inforaation disclosed herein. 

The authors wish to acknowledge the contributions of 
Mr. J. A. landolo who was responsible for the design of 
the aodel and Mr. R. H. Garren, Jr., who participated 
In the tests and was responsible for the details of the 
test preparation. 

W. W. WILBOURNE 
Captain, USN 
Coaaander 

R. KHIMITH L0B8 
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at M - 6.1 and € - 0 dagraea 
Prasaura diatrlbutlona at ««ro-yaw oa 
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apharical nosa at M - 5.4 
Prasaura diatrlbutlona la raw plane on 
apharical nos« at M ■> 6.3 
Praaaura distributions in ya« plane on 
spherical nos« at M • 7.2 
Praaaura distributions in ya« plan« on 
con« at M - 5.4, 6.3, and 7.2 
Coapariaon of pr«saure distributions on 
two aphere-cone sod«Is at noalnal M - 5.8 
Tranavarae praaaura distributions at M - 
5.4, 8.2, and €- 2.5 degress. 
Tranaveraa pressure distributions at ■ - 
6.3, 7.8, andCs2.5 degrees 
Tranaversa preaaura distributions at K - 
5.4, 6.3, 7.2, and € - 7.5 degress 

Table I p/p©' ▼araua 8/r at ■ • 5.4 
Table II p/fe* veraua 8/r at II • 6.3 
Table III p/Po' varaua 8/r at ■ - 7.2 
Table IV p/Po' veraua 8/r at M - 8.2 
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SYMBOLS 

M 

P 

m 
v 
r 

€ 

i 

m tr—~mtrmtLm  Mach auater 

• static prcuurc on »odel aurfac« 

• aablaat (fr««-str«aa static) prsssurs 

• bass prsssurs 

• PI tot prsssurs 

• radius sai sphsrleal noss (0.385 laohss) 

■ frss-strsas Ksysolds nuabsr 

« Isagth aloat aodsl profile, inches: Measured fro« 
the Intersection of the aodel axis with the spher- 
ical nose 

• length along nodel prof 11s, inches; Measured frcwi 
the stagnation point on the yawed nodel 

- yaw angle, degrees; nagls between the relative 
wind vector and the nodel axis > 

• angle between the nodel axis and a noraal to the 
surface of the sphsrleal noss, degrees; equals 
S/r radians 

- S'/r radians 

• angle between the nodel axis and a nornal to the 
surface of the spherical bass, degrees 

• ssal-vsrtsx angle of a eons 

- roll angle, degrees; angle between dL and the 
nerldian of orifices, Nunbers 5-24 (Figure 1) 

• reference Meridian defined by the intsrssctlos of 
the windward surface of the nodel with the plans 
of yaw 

mmm. 
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PR1SSURI DISTRIBUTIONS ON AN ABMA JUPITIR N08I COMI 
(13.3 DKSROS SKMl-VERTKX ANGLE) AT NOMINAL 

MACH NUMBERS 5, 6, 7,   AND 8 

INTROOOCTION 

1.  Th« choice of no«« sbap« for ballistic aiaailaa of 
intanMdiat« rang» ia Ro^arnad largaly by eoaaidaratioaa 
of aarodyaaaic haatiag mod atability.  Blunt bodiaa ara 
ralativaly favorabla ia ragard to baatiag, l»ut do not 
bava good atabilit? cbaraetariatica. Ia tbc*8«i raapacta, 
tba apharically-bluatad con« rapraaanta a coaproala« 
configuration.  Sine« thaory doas aot daflna tba praa- 
aura gradiauta oa auch bodiaa with aufficiant accuracy 
for baat-traaafar coaputation, oxpariaantal praaaur« 
aeaauraaanta ara aaadad. Bxpariaantal pr«a«ur« diatrl- 
bution« for a sarias of apbara con©» at M • 5.8 ara 
arailabla ia rafaranea (a). Tba iavaatigatloa raportad 
barain praaanta azparlaaatal praaaura diatributioaa for 
an ABMA JUPITIR noaa con« taken ovar a noaiaal Mach 
nuabar rang« of 5 to 8 in aavaral aaridlaa plan«« of 
the aodol and over a moderate raaga of yaw angle. 

Conatructlon and laatallatioa of tba Modal 

2.  Tba praaaura aodel of tba JUPITER noae coaa bad a 
baaa diaaatar of 2 laches aa shown la Figur« 1.  Pre- 
liainary taata with aolid aodala of several aiaaa in- 
dicated that tbia praaaura aodel shculd ba free froa 
tba effect» of »hock reflection and of boundary-layar 
separation froa tba «all of tba byparaoaie tunnel. 
Tba praliaiaary taata eanaiatad ia taking schlieren 
photographs ovar tba expected raaga of tast conditiona. 
A akateb of tba praaaura nodal la given In Figure 1, 
which abowa that tba orifice« on tba aptaarioal noae 
ware located alternately along two dlanatrically- 
oppoalte «eridiana of tba nodal. Tbm  nodal aball waa 
■ade of wild ataal for aaae of nanufactura, and waa of 
integral conatructlon except for tba baaa, which waa a 
aaparata apfaerical aegnent to which a 0.89-inch CD. 
z 7 3/4-inch hollow atlag bad been rigidly attached. 
Tba baaa waa threaded into tba conical portion of the 
nodal aball to aaaanble the aodel. stainlea« ataal 
praaaura tube« of ö.025-inch I.D. war« finished fluah 
with the nodal aurfaca to for« orifice« aomnl to the 
aurfaca.  Internal tubaa of 0.042-lneb I.D. ware con- 
tinued to pointa Just beyond tba and of tba atlag. 
Tba uae of atalalaaa ataal tubiag waa a pracautioa 
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against tub« le»luigo at low teat praasuraa aad high oparat- 
lag taaparaturaa. 

3. Figure 2 ahova the aod«! aounted In the 12 x 12 ca 
Hypersoaic Tunnel. The aodel holder conalatad haeically 
of a circular rod noraal to the atlng. A aleeve on the 
inner end of thla rod engaged the atiag by aeaaa of aet 
screws, aa shown In Figure 2, and permitted pre-determined 
roll Increaenta of ± 45 degrees to be aet by aatehlag 
scribe aarks. The rod «aa locked outside the tunnel door 
to Balntaln the yaw angle of the aodel. am  can be aeea 
in Figure 3, a M. C. Clinoaeter «aa attached to the rod 
outalde the tunnel to aet the yaw angle.  Stainieaa steel 
tubes of 0.062-inch 1.0. were ailwer^aoldered over the 
leads from  the Model and «ere paaaed without aupport 
(approalaately 14 inchea) down the diffuser aection of 
*«.—*"^ 1        «teaag   *-.*»—   «-.4*-,-«   «««MM  *■*%»   tomrnggmi   <h«»««iffh tne     i>UIU10X. *!••■»*»     v»«»*«r«»    %im*. m-m-m    mm «nil     ••»»      - —       — — im— 

a snail plenua chaaber to provide additional apace for 
flexing the tubes. 

4. For the «axiau» ya« angle netting, the center of the 
aodel none aoved approalaately 1 lach off the centerline 
of the tunnel in the plane perpendicular to the aosale 
aurfaco. The axia of rotation in ya« «aa 6 inchea (3 
callbare) downstreaa froa the aodel base. 

Test Instruaentation and Operating Conditiona 

5. Figure 3 ahows the general arrangeaent of the teat 
lastruaeatatioa. In the lower foreground of the photo- 
graph are shown two «lewen-positlon rotary "O-ring** 
vacuu« valves of MOL design. The tubing froa the first 
21 orifices (Figure 1) was connected to these two valves, 
and the pressures «ere read to ± 0.1 aa Hg. on t«o 
Wallace and Tiernan absolute Bg aanoaetera of one ataoa- 
phere range. Tubea froa the three orifices on the baae 
aphere-segaeat «ere individually connected to oil aano- 
aetera (reference b) having a eoaaon refereac» vacuua 
and a range equivalent to 40 aa Hg. These oil aanoaetera 
(not included in Figure 3) were read to ± 0.002 aa Bg. 

6. The HOL 12 x 12 ca Hyperaonic Tunnel Mo. 4 la a 
vertical closed-Jet tunnel having a Mach nuaber range 
of 5 to 10 using aa adjuatable water-cooled wedge aosale 
(Figure 2). A aoaale of thla type la described in re- 
ference (e).  For tests of relatively long duration, the 
large anas-flow requireaeata aear M - 5 aafce it advisable 
to aet actual Mach nuabera consistently higher than the 
noainal values of 5, f, 7, sad 8.  The tunnel ooaditloas 
applicable to the presset tests were: 

C0NFI01NTIAL 
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s.a 25. 10 

commruL 
NAVORD teport 4486 

Mach   Supply Pr«Mur« Supply Toapsrature rvm-mtrmtm  Reynold« 
jtupb»r (*tmompbmr*u)        {dmgr—,  Ranking)   Wwbr par Foot 

645 3.48 z 10* 
888 2.48 z 10* 
1063 1.57 z 10* 
1383 1.53 z 10* 

7. Th» above Mach nuMbars war« obtained as follows: for 
each »etting of the aosale, the eodel «as retracted toward 
the wall and Pitot and static probes were Mounted at the 
noraal position of the nodel nose. The laylaifh foraula 
was applied to the probe pressures to yield the test Mach 
aunber. With the sodei restored to its test position, the 
reading of the orifice on the aodel azis duplicated the 
Pitot-pressure reading obtained fro« the probe. 

RESULTS AND DISCUSSION 

8. Figure 4 shows the location of the bow shock for M - 6.1 
at aero yaw. This figure is a schlierea photograph of the 
flow about a 3 1/4-incb base-diaaeter solid aoctel (with 1/2 
inch diaaeter sting) used in the preliminary tests noted in 

2. 

2.  Figure 5 garesents the aero-yaw pressure distributions 
obtaiasd froa orifioes oa the spherical none aad iaaediately 
behind its tangency (S/r - 1.340) with the cone. A Newtonian 
distribution curve (reference d) has been included as a 
reference for the ezperiaental variation of surface pressure. 
It aay be noted that adjacent points on the plot (10 degree 
intervals on the sphere) present data froa opposite asridi- 
ans of thu aodel (Figure 1). These pressure distributions 
show very little variation with Mach nuaber and depart 
abruptly froa the "Newtonian" trend as the point of tan- 
gency (S/r e 1.340) is approached. 

10. Figure 6 gives a ccaparisoa of the pressure distribu- 
tion on the spherical aose of JUPlTii with the distribution 
obtained on a 1.75-inch diaaeter sphere aodel. The JUPITER 
BOSS data tend generally to be soaewhat higher than the 
data shows for the coaplete sphere. la particular, the 
presence of a conical afterbody appears to increase aub- 
staatially the pressures aeasured oa a aphere at stations 
iaaediately ahead of the poln« of tangency. 

11. Figures 7, 8, aad 2 ahow pressure distributioas is 
the yaw plane of the spherical aoae at H • 5.4, 6.3, sad 
7.2, respectively. All curves drawa oa theee throe fig- 

are faired ozperiaBBtal 
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The orlfic« locations at a«ro yaw are denoted by darkened 
circles. Since S' allows for an effective shift in ori- 
fice location with yaw, the data for all yaw angles sight 
be expected to define a single sxperisental curve in each 
figure. This correlation of all yaw data into a single 
curve is reasonably well achieved over approxisately the 
first 57 degrees (S'/r < 1.000) of the sphere. At larger 
angular positions, there is an additional systesatic yaw 
effect due, presuaably. to the presence of the cone. 
With6« 7.5 degrees, the point of tangenoy on the lee- 
ward aeridian (?• 180 degrees) aoves rearward to a 
location 84.2 degrees (S'/r • 1.470) fro« the stagnation 
point.  For this case, the experiaeatal pressure distri- 
bution (as faired by the lower curve in Figures 7, 8, and 
9) is significantly below the sero-yaw data and, conse- 
quently, has shifted toward the sphere distribution of 
Figur« 6. The cerrespssdiffig forward scvcscstsf the 
point of taagency on the windward iseridian (?•» 0 degrees) 
to a location 60.2 degrees (S'/r - 1.208) fro« the stag- 
nation point is acconpanied by a substantial increase in 
the sxperiaental pressure distribution (as faired by the 
upper curve in Figures 7, 8, and 0) above the zero-yaw 
data.  It is of interest that these well-defined regions 
of cone influence shown in Figures 7, 8, and 9 are prac- 
tically identical and, therefore, independent of Mach 
nuaber and Reynolds nusber within the range of test con- 
ditions (paragraph 6>. 

12. Figure 10 presents surface pressures in the yaw-pianr 
of the cone for M - 5.4, 6.3, and 7.2 at sero yaw and 
■axisun (€ - 7.5 degrees) windward and leeward (4-0 and 
180 degrees) yaw. The syabols for the sero-yaw data hav«i 
been shaded for the sake of clarity. Newtonian (refer- 
ence d) reference levels of con« p?9ssure are included 
at M - 5.4 for the three yaw conditions noted above. 
Also included is the level of aabient pressure, pa, corres- 
ponding to M - 5.4.  These reference levels are given as a 
convenience in orienting the measured pressures, and are 
not intended as a basis for comparison with the experimental 
values shown.  It will be noted that, in teras of 8/r, 
the plot has been extended around the base corner of the 
model to locate the pressures measured on the spherical 
base (orifices numbers 22, 23, and 34 of Figure 1). These 
pressures remained essentially constant over the yaw angle 
range of the tests. The shaded interval of 8/r  between 
the sting Juncture and the base center shows the location 
r *d extent of the geometrical blockage of the base region 
introduced by the sting. 

13.  In Figure 10, the come preseures tend generally to 
for iacrsasiag Mash number, with the larger 
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d«or«as« occurrlag b«tw««a 11-5.4 and M « f .3. This vari- 
atloa or pr«»»OT« with Mach nunlwr Cor Boynolda ambor, 
paragraph f) la approelablo with rospoet to tho proaauro 
ohaagaa oa tb« ooa* that ara aaaoeiatad with dlffaraaoaa 
la aurfaea incllaation (€ aad 9). Tha apraad of coaa 
praacura with Mach awbar for tha thraa yaw ooaditioaa 
davalopa abruptly aft of tha taafaaoy point aad raaaiaa 
roughly ooaataat owar aoat of tha con« laagth. 

14. Vigura 11 giwaa a conparlaon of a portion of tha pro- 
aaat data with raaaltc givaa ia rafaraaea (a) for a aphara- 
ooaa aodal. Tha eoaa-aurfaea iaoliaatioaa (O'fC) of 30.8 
dagraaa for JÜPITS aad 80 dagraaa for tha aphara-coaa of 
rafaraaaa (a) ara coaparabla, aad tha uaa of tha ratio, 
SVr, oorralataa tha two oata of data ia taraa of rala- 
ti¥«   fiiStft««*«   frOÄ   tl»#  !gtgLgjgatt(M|   pnilta  AQ   tha  nnhttPi. 
eai noaaa. Tha data ahow good agraasMBt. 

15. Piguraa IS aad IS ahow traaavaraa praaaura diatrl- 
butioaa arouad tha apharloal aoaa of tha JUPITBt aodal 
&t€- 2.5 dagraaa. Additioaal diatributioaa at 8/r - 
1.396 aad 7.41 (Figura 13) hava baaa iacludad to rapra- 
aaat praaaura« obtaiaad OA  tha con». Tha datm ▼arintiOBa 
ahowa ia thaaa figura« for tha varioua 8/r atatioaa ara 
aaaaatially liaaar aad atraight («olid) linaa hava baan 
faired through tha data. Boriaoatal daah linaa giwa tha 
praaaura lawala arouad tha aodal at aoro yaw a« rafarafcoa 
▼aluaa. far tha H - 8.3 and 7.2 data of Figura 13, thaaa 
fairad liaaa ara highar than thoaa drawn for tha M - 5.4 
aad 8.2 data of Figura 18 by approaiaataly 1 parcant of 
tha Pitot praaaura. Coaaidarad both aaparataly aad 
jointly, Figure« 18 aad 13 iadieata tha abaanca of aay 
gaaaral Mach auabar affect oa thaaa diatributioaa. 

18. Figure 14 praaaata traaawarae praaaura diatribu- 
tioaa oa tha apharioal aoaa at€« 7.5 degree» aad M - 5.4^ 
8 3, aad 7.8. To obtain tha eurvaa ahowa ia thia figure, 
local aurface iaoliaatioaa (9 *) at tha orificea under 
coabiaed ooaditioaa of yaw aad roll were ooaputad fro« 
tke gaoaatrieal ralatioaahip 

coap« • coa€ coato+ aia€aiapeoa^ (1) 

which haa baaa adapted fro« Equation (3) of rafaraaea 
(a). With 8*/r «M* (radiaaa), praaaura raluaa »ere 
take« frca the experlaental diatributioa ia tha yaw 
plaaa (Figure 8) at » « 7.8 to afford eoapariaoe with 
■aaawraoaata aada ia other Mridiaa plane«. Tha ■ - 5.4 

. 
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the «hole, the data of Figure 14 show reasonable agreement 
with these semi-empirical curves.  It is thought that the 
deviations of the data from these curves are due to experi- 
mental error, since the curves involve only the assumption 
that pressures are distributed sjnanetrically around the 
stagnation point on a sphere. 

17. The tabulated data for these tests are given in Tables 
I through IV, and the plots discussed above are intended 
to present the chief characteristics of these data. This 
tabulation is so arranged that the designation,^- 0 degrees, 
consistently denotes data obtained with the orifices wind- 
ward in the plane of yaw, so that orifices numbers 1, 2, 
3, and 4 of Figure 1 are, in effect, reflected about the 
model axis.  Therefore, in using the data, all orifices 
of the spherical nose may be taken to lie along the model 
meridian defined by orifices uumtmrm  5 through 24 with 
the same angular positions,*?, given in Figure 1.  The 
yaw angles,£ , as listed include an allowance for inclina- 
tion in the nozsle flow.  Pertinent test conditions are 
noted in paragraph 6.  The M - 8.2 data have been tabu- 
lated in Table IV for € - 0 and 2.5 degrees only. 

18. The data as tabulated are referenced to the Pi tot 
pressure for each tunnel run, i.e., for each roll position, 
d>,  at a given Mach number.  It is believed that the use 
(at zero yaw) of the number 5 orifice (Figure 1) on the 
model to monitor the Pi tot pressure in the course of each 
tunnel run was not fully satisfactory and introduced some 
scatter into the data. 

CONCLUDING REMARKS 

19. Pressure distributions were obtained on the ABMA 
JUPITER nose cone at nominal Mach numbers of 5, 6, 7, 
and 8 and for yaw angles ranging from 0 to 7.5 degrees. 
These distributions were measured along model meridians 
that were spaced 45 degrees apart. 

20. The pressure distributions on the spherical nose of 
this configuration do not show any dsfinite effect of 
Mach number.  This statement applies also to that region 
of the sphere on which pressures are modified by the 
presence of a conical afterbody.  Rressurec in this 
region are influenced systematically by the yaw of the 
cone, but the forward extent of the region appears to 
remain fixed at 57 degrees from the stagnation point 
under all conditions of yaw. 

COMFIDKNTIAL 
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21.     On the cone,   the decreases  In pressure with increasing 
Mach number are appreciable as compared with the pressure 
changes due to yaw.    The pressures vary only slightly with 
increasing length along the aftermost portions of the cone 
and are well below the pressures existing at the tangency 
of the spherical nose with the cone.    The Mach number ef- 
fect on the cone pressures does not propagate forward of 
the tangency point. 
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